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Abstract

We have obtained the absorption, excitation, and emission spectra,

3+

and the emission decay measurements for Cr”" in the compounds ScF3

and Sc203. Both of these materials have sixfold coordinated metal
3+

sites that are available for substitution by Cr From the analysis

of the broadband spectra and the zero-phonon lines, we have derived

information about the a]g. e and the odd-parity, intensity-enabling

g
coordinates. The quenching behavior of the Cr3+ luminescence is also

explored. Finally, we discuss the effect of the next nearest neighbor

cations on the crystal field splitting of Cr3+
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1. Intr ion

There has been a resurgence of interest in the Cr3+ ion, largely
due to its utility as an impurity ion in solid state laser crystals.
There are several propertiés intrinsic to the Cr3+ impurity which have
proved to be valuable in the development of new solid state lasers. These
include the efficient luminescence exhibited by Cr3+ in most materials,
the special chemical stability of the trivalent oxidation state, and the

3+ yhich effectively couple the

three, broad, d-d absorption bands of Cr
laser material to the flashlamp spectral output.

The tunability of Cr3+ is based upon the broad 4T2-'4A2 emission,
which requires that the Cr3+ fon be situated in a "weak-field" crystal
site. This condition is required because the excited state energy level
ordering i1s sensitively dependent on the strength of the crystal field
environment. In a strong field environment such as that present in A1203

2E-°4A2 emission is observed.(]) while in

2

(ruby), only the sharp

4. 4

BeA1204 (alexandrite), a mixture of the sharp E--4A2 and broad T2~ A2

emissions are present.(2’3) Current interests, however, are focusing

exclusively on the vibronic 4T?_-'4

example, in the case of Cr3* doped Gd,S¢,6250,, GsGe) . 4> other
3+

A2 emission, which predominates, for

impurities
(8)

recently developed laser hosts which vtilize Tow-field Cr

(6) (7)
as the active ions include Gd3$c2A130]2. SrAIF5, ZnNO4.

A0 gy 4y 8

ScBO3,(9) and KZnF 2 A2 emission is also used to sensitize

3+

3

Nd”" lasing action in several oxide garnets, such as GSGG.(]]’IZ)

The question then arises as to what properties of the host crystal

3+

result in broadband Cr3+ emission. In general, Cr°" is likely to see

a weak field 1f it replaces a host metal ifon with an fonic radius that is



similar to or larger than itself. If the difference in size between the
Cr3+ jon and the cation for which it is substituted is too large,

however, the possibility of nonradiative decay must be considered, because
such conditions may allow for relatively strong excited state relaxation.
The Sc3+ ion generally fulfills the "low-field" requirement, since the
ionic radius of 0.758 is slightly larger than the radius of 0.63R for
crit.

We have examined the properties of Cr3+ in two Sc-containing hosts,
ScF3 and Sc203. The metal sites of these crystals are octahedrally
coordinated by the anions and therefore should readily incorporate the
Cr3+ impurities into their lattice structure. Also, since Sc3+ and

3+ are both trivalent ions, there is no need for charge compensation.

Cr
This attribute, in addition to the unitary nature of the compounds, serves
to simplify the interpretation of their spectra.

In the case of ScF3.(]3) the six Sc-F distances are all 2.012A,
although the various octahedral bond angles are reported to vary from 87
to 93°. Thus, the Sc sites are coordinated by a slightly distorted
octahedron of fluorines. The bixbyite crystal structure of Sc203,(]4)
on the other hand, has two types of distorted octahedral metal sites:
one is trigonal and has inversion symmetry, and the other has sz point
group symmetry and is, therefore, not centrosymmetric. The corresponding
Sc-0 distances are 2.120& for the inversion site, while the C2V site
has distances of 2.080, 2.125 and 2.164& for each of two Sc-O bonds.

The presence of two sites may complicate the spectroscopy of this system.
The Sc sites in ScF3 and Sc203 are about 0.12& larger than the

Cr3+ jon. The ionic radius mismatch will tend to decrease the 3d-shell
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crystal field splitting of the Cr3+ ion and red-shift the peak of the

emission band.
In this work we report the absorption, emission and 1ifetime data of

3+

ScF :Cr3+ and ScZO :Cr”7. The spectroscopic methods and the

3 3
crystal growth procedures are discussed in Section 2. The results and
analyses are presented together in Sections 3A-D, where we consider the
potential energy surfaces of the Cr3+ impurity in several coordinates,
, and the odd-parity intensity-enabling modes.

including the a]g, e
3+
in ScF3

g
In Section 3E, the absorption and emission properties of Cr
and Sc203 are compared with those of other compounds. Finally, in

Section 4 we present our conclusions.

2. Experimental

A. Sample Preparation

The ScF3 crystals were prepared by Herbert Newkirk at Lawrence
Livermore National Laboratory from a flux comprised of a 20:80 mixture of
ScF3 and NaF, and approximately 1% doping of CrF3. The mixture was
heated in a platinum crucible from room temperature to 1100 C in 12 hours,
and then slowly cooled to 700 C at about 3 C/hour. After rapid cooling
back to room temperature, the singlie crystals of ScF3 were leached from
the flux with boiling water.

Single crystal fibers of Sc203:Cr were grown by the CO2 laser-
heated pedestal growth method.(]5) The source material for growth was
prepared by hot-pressing the powder into pellets, which were cut into

2

bars with a 1 mm”~ cross-section. At a temperature of about 2400 C,

single crystal fibers of high quality and 3 cm length could be pulled

within 30 minutes. Details of the growth will be published elsewhere.(lﬁ)

e — e



B. Spectroscopic Measurements

The experimental techniques used were conventional in nature and
therefore will be only briefly outlined. In all experiments, the sample
temperature was varied between 12K and 300K with a closed-cycle helium
refrigeration system, while a heating tape was used to raise the sample
temperature above 300K. The absorption measurements were performed in
the conventional manner using a computer-controlled Cary 17 spectrometer.

The excitation spectra were acquired by directing a continuous Xe
lamp source through a computer-controlled monochromator and a 200 Hz
chopper. The light output was focused onto the sample, and the resulting
luminescence was separated from the exciting light with the appropriate
color filters and then detected with a GaAs photomultiplier tube. Lock-in
techniques were used to improve the signal-to-noise ratio. The combina-
tion of the lamp, color filters and monochromator was calibrated by
replacing the sample with a silicon detector of known spectral response.
The spectra were corrected so that the result was proportional to the
number of luminescence photons divided by the number of incident photons.

The broadband emission spéctra were obtained by exciting with either
a Xe lamp or a helium-neon laser, and by monitoring the luminescence with
a PbS detector. The monochromator-detector combination was calibrated
using a tungsten-halogen lamp of known spectral output. The spectra were
corrected to be in units of photons/second per unit energy interval. The
emission fine-structure was resolved in a separate experiment in which the
sample was excited by either a helium-neon laser or the second harmonic
of a YAG laser, and the luminescence was recorded by dispersing the

spectrum onto the array of a reticon detector (PAR 1420).




The emission 1ifetime measurements were obtained by exciting the
sample with an N2 laser at 337 nm and detecting the emission with a GaAs
photomultiplier tube. A few measurements involved pumping with a dye
laser. The emission decays were recorded with either a computer-
controlled transient digitizer, or by photon counting, using a

multichannel analyzer.

3. Resul nd Analysi
A. Absorption and Emission Spectra
The absorption (excitation) and emission spectra of Cr3+ in ScF3
and Sc203 appear in Fig. 1. Since the ScF3 samples were rather
small (2 X 1 X1 mm3). three crystals were arranged in an array to
obtain the absorption spectrum in Fig. 1. The Sc203 samples, on the
other hand, were thin fibers and therefore required that excitation rather
than absorption spectra be taken. The 4A2-~4T2 absorption of
cr3* occurs at 14,280 cm™! and 15,200 cm”! for ScFy and Sc,0,,
respectively, at 14K. From the 3d3 Tanabe-Sugano diagram, the peak of
4

4
the 2

an

T2 transition is known to occur at the energy
100q, so that the corresponding Dq values for these materials are
1

1428 and 1520 ¢cm . The ratio of these Dq parameters for the oxide and

fluoride is 1.06, while from simple electrostatic considerations.(la)
we can predict this ratio to be 1.57 by using the Sc-anion distances of
the pure hosts and taking the ratio of the O and F charges to be 2. Thus,
as is often the case, it 1s only possible to predict the qualitative

nature of a trend with simple crystal field theory.



The second band in Fig. 1, which could not be fully resolved for

Sc,05, 1s due to the 4A2~4T]a transition. This band peaks

at a rather low energy for Sc203 compared with predictions of a cubic

crystal field model. This result may be due to a splitting of the 4

3+

site. The 4A2~4T]a

3+

state by the low symmetry field present at the Sc

transition is observed to occur at 21,800 cm'] for ScF3:Cr , and the Fano

4, 2

antiresonance(lg) due to the AZ* E transition is observed as a dip near

15,200 cm!.

The emission spectra in Fig. 1 are due to the 4T2*4A2

3+ peak at nearly the

transition. The emission spectra of Sc203:Cr
same energy at 14K and 295K. Since the width increases with increasing

temperature, we can estimate the effective symmetric mode frequency,

4w, with the well-known result(ZO)
o(M? = o(0)? coth T )

where o(T) is the width of the band at temperature T and k is
Boltzmann's constant. Using the data in Fig. 1, along with spectra at
other temperatures, we find that the effective symmetric mode frequency

is fiw = 340£50 cm']. Using the same procedure for ScF3:Cr3+, we

get 4w = 205:20 cm ).

The Dg and fiw values, as well as the full-
width-at-half-maxima (FWHM), are listed in Table 1. The FWHM for the
absorption and emission bands of Sc203:Cr3+ are the same within
experimental error, as is most often the case. The data for ScF3 is,
however, somewhat surprising. Firstly, the FWHM for the absorption and
emission bands differ substantially from each other, and, secondly, the
emission peak is observed to shift with temperature. These aspects of

ScF3 will be considered further in Section 3C.



B. Zero-Phonon Lines (ZPL)
The structure near the origin of the emission spectra is displayed in

Fig. 2. The understanding of the ZPL's for ScF3:Cr3+

is straight-
forward and will be discussed first. The 4T2 excited state is

expected to have four spin-orbit components since S=3/2 transforms as the
U' representation in the 0h double group and U'xT2 = E'+E''+2U".

There is, however, an additional factor that must be taken into account,
which involves the influence of the Jahn-Teller effect on the magnitude
of the spin-orbit splitting (known as the Ham effect). These calculations

21)

have been performed by Giidel and Snellgrove, who in turn followed

(22) Using their calculations, we find that

the treatment of Sturge.
with 3EJTIﬁbe = 2.2 the observed peak positions can be reasonably

well reproduced, see Table 2. Here, EJT is the Jahn-Teller energy and
'ﬁwe is the frequency of the e mode. Our value of 3EJT/ﬁ2oe

Is somewhat smaller than the fits that Knochenmuss, et.al., obtained for

3+ and CszNaYCIB:Cr3+ systems. 23} Now

the CszNaInCIB:Cr
that the levels have been assigned and the degeneracies, g, are known, we
can predict the relative intensity of the lines due to states i=U',U' and
E' compared to the E'' state, with the relationship

I4) g —(E(1)=E(E'"))
I(E™) = g(E'T) &P (e ) @

Using T=12K, the predicted intensity ratios compare favorably with those
measured, see Table 2. The intensity calculations assume that the
transition rates from each of the 2+4+4+2=12 spin-orbit components are
the same, as is expected. It is worthwhile to note that these spin-orbit

assignments also provide good evidence that Cr3+zis situated in a nearly



perfect octahedral environment in ScF3. since a lower symmetry would
result in additional splitting of the origin 1ines. If we assume that the

eg frequency is nearly the same as the a,_frequency (as determined

1g
below in Section 3C), we find that EJT = 280 cm'] for ScF3:Cr3+.

We considered the possibility that the two lines observed in Fig. 2

3t 3+
for Sc203.Cr

sites. HWe found, however, that the spectra of two samples from different

might be due to the presence of muitiple Cr

growth runs were very similar. In addition, we time-resolved the
emission by using a pulsed excitation source and observed that the two
Tines exhibit the same emission lifetime. Therefore we conclude that the
3* site. Me also note

3*. but is

lines displayed in Fig. 2 are due to a single Cr
that the background rising to higher energy is not due to Cr
probably due to some other impurity.

The interpretation of the ZPL structure for Sczo3 is much more
complicated than for ScF3, because the sites of Sc203 are distorted
from exact octahedral symmetry. The lines observed in Fig. 2 therefore
result from a combination of spin-orbit and crystal-field splitting, as
well as the Jahn-Teller effect. The intensity ratio of the two lines in

! separation if it

Fig. 2 is larger than that expected from the 33 cm
is assumed that they are purely spin-orbit split components, which shows
that the upper level must have a much greater transition probability than
the lower level. This is an indication that the low symmetry crystal
field is playing an important role in the observed splitting and the

transition probabilities of the individual lines.
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C. Analysis of the Emission Line Shapes

The emission 1ineshapes for Cr3* doped ScF4 and Sc,05 at 14K
have been reproduced in Fig. 3. The position of the ZPL can be used to
fit the broad emission band to the Pekarian form for T=0K with(24)

H = (sPexp(-5))/p! (3)
where p is the number of emitted phonons and S is the Huang-Rhys factor.
A more detailed formula was actually used to take the finite temperature
into account.(zs’ZG) We see in the upper frame that we have obtained a

1

good fit to the experimental data using S=3.0 and fiw=380 cm ~ for

ScF3. This value of 380 cm'] for the fully symmetric vibrational

1 result obtained by

frequency is quite different from the “Rw=205 cm™
analyzing the temperature dependence of the emission bandwidth, (see
Table 3 and Section 3A). It is possible, however, that the use of Eq. 1
is not valid since this theory also predicts that the emission band peak
should not shift strongly with changing temperature. This suggests that
the anharmonicity of the excited and ground potential energy surfaces may
be significant for the Cr3+ fon in ScF3. Anharmonicity could be
responsible for the shift of the emission band peak and also for the
anomalously large increase in the emission bandwidth as the temperature
is increased. The effects of anharmonicity have been previously con-
sidered for the case of KMgF3:Coz+.(27)

We were not able to achieve a 1ine shape fit of comparable quality

3+

for Sc20 :Cr°", as shown in the lower frame of Fig. 3. The

3
calculated points are the result of fitting the high energy side of the
spectrum. To test whether the discrepancy was due to the presence of

multiple sites, we measured the emission 1ifetime at two energies, as
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shown in Fig. 4. HKhen exciting at 19,460 cm']. a single exponential

decay of 91 us was obtained by detecting the 1ight at 11,760 cm'].

while a double exponential consisting of the lifetimes 86 us and 373 us

1

results from monitoring at 9,090 cm . This indicates the existence of

a second site, which has a longer lifetime and is red-shifted relative to
the other site. This may also mean that the fit with S=4.5 and fiu=

410 cm'] is more likely to be a representation of the parameters that

characterize the 91 us site. The vibrational frequency of 410 cm']

1

is also similar to the value of 340 cm ' derived from the use of Eq. 1.

As mentioned in Section 1, there are two Sc3+

sites in Sc203; one

is centrosymmetric and the other is not.(]4) We can speculate at this
point that the inversion site might have the 373 us 1ifetime and the
more distorted site has a larger induced dipole moment and therefore a
shorter lifetime of 91 us. HWith the information currently available,
it appears that both S and fiw are larger for the oxide compared to the

fluoride.

D. Emission Lifetime Results

The emission 1ifetime results are displayed in Fig. 5. A1l of the

3+

decays observed for ScF3:Cr could be described with a single

exponential function. This is reasonable since there is only one kind of
metal site in the ScF3 lattice and no charge compensation is required.

The decay times change substantially as a function of temperature for

P
ScF3.Cr .

Fig. 5 to the equation

% - i—o- coth (g—%) 4

We have fitted the emission lifetimes of ScF3:Cr3+ in
(20)
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where T,=920 us and fiu=167 cm™

is the frequency of the intensity-

enabling vibration in the excited state. Thus these results show that the

transition strength of the parity-forbidden 4T2~4A2 transition

is being induced by an effective odd-parity vibration with a frequency of

167 cm']. This predominance of vibrationally induced transitions is o
consistent with the presence of a nearly perfect octahedron of fluorines
implied by the spin-orbit analysis of Section 3B. The fit in Fig. 5 also
indicates that there is no indication of quenching up to temperatufes of
450K.

The increase in the absorption strength of ScF3:Cr3+ with rising
temperature 1s not as dramatic as observed for the emission rates, as seen
in Fig. 1. The enabling frequency derived by fitting the increase in
absorption strength is therefore much higher, being 40050 cm']. It
therefore appears that the enabling mode frequencies of the ground and
excited states differ substantially in this particular coordinate. A
similar situation occurred in the case of the fully symmetric coordinate,
however, as evidenced by the large difference in the low temperature
energetic separations of the ZPL from the emission and absorption peaks,
which are 790 and 1240 cm']. respectively.

The Tlifetimes of Cr3* in Sc,0, are plotted in the lower frame.

The Tow temperature 1ifetime is a factor of 6.6 faster than that of

ScF This is due to the noncentrosymmetric nature of the site in

3
03.

The decays reported in Fig. 5 were nonexponential in form, probably

Sc2

because the energy of 29,670 cm'] (337 nm) used to acquire this data
did not overlap the peak of an absorption band, as did the wavelength
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3+

utilized for the data in Fig. 4, and both Cr™" sites were observed.

Additional decay measurements resulting from excitation at 16300 cm']
produced 1ifetimes about 20% higher than those plotted in Fig. 5. We can
see that the square point at 295K in Fig. 5, which was obtained from Fig.
4, is nevertheless in reasonable agreement with the average lifetimes
derived from 337 nm excitation.

It is clear from Fig. 5 that the 1ifetimes are significantly reduced
at temperatures above 300K. This is almost certainly due to competition
from nonradiative decay. HWe can qualitatively understand that the
nonradiative decay occurs at lower temperature for ScZO3 compared to
ScF3 because the values of S and fiw are larger for this system. The
activation energy derived from the data in Fig. 5 is roughly EA'35°°
+ 1000 cm'], depending on the choice of the frequency factor. This
contrasts sharply with the value of EA-IB.OOO cm"] determined by
using S=4.5 and fw=410 em™! from Fig. 3 to calculate the cross-over

point of the ground and excited state potential energy surfaces (within

the harmonic approximation) with

2
(E ~ Shw)
ZPL (5)

EA - 45w

In addition, detailed calculations using the equations of Struck and
Fonger(zs’ze) show that the single configurational coordinate model
substantially underestimates the nonradiative decay rate. This
underestimation from the analysis of the spectra has been noted by other
workers.(27'29) Again, it is possible that anharmonicity may play an
important role since the nonradiative decay paths usually involve

displacements far from the equilibrium configuration.(27)
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E. Comparison with the Cr3* Spectra of Other Compounds

The Cr3+ Dq parameters along with the metal-anion separations of
several compounds are listed in Table 4. It appears that, despite the
similar Sc-F separations of KZNaScF6 and ScF3,(]3'30) the crystal
field splitting of 1560 cm’] in the elpasolite(zs) is a good deal
larger than the 1410 cm'] splitting in ScF3, respectively. Since we

know that the Sc3+

fonic radius is about .12R larger than that of

Cr3+. the first tendency might be to attribute the difference in Dq to
disstmilar lattice relaxation at the impurity site. This possibility
arises because of the expected inverse fifth-power dependence (and hence
sensitivity) of Dq on the Cr-F separation. To test this theory, we can
compare the Dg's of the pure compounds KZNaCrF5 and CrF3. where the

(30,31 as is summarized in Table 4. HWe

exact Cr-F distances are known,
note, however, that despite the similar Cr-F separation of these
materials, the elpasolite again has a considerably larger Dq value.

Wood, et.al.,(32) have suggested some time ago that the larger Dq of
K?_NaCrF6 compared to CrF3 can be attributed to the effect of the

next nearest neighbor (n.n.n.) metal ion upon the fluorines that directly
surround the Cr3+ ion. In the case of the elpasolite, the n.n.n. is

3+

Na* compared to Cr3+ for CrF3 (Sc”" for ScF3). It is possible

3+ 3+
3+

that the neighboring trivalent cations, Cr™" or Sc”", reduce the

effective charge of the fluorines that surround Cr™" more so than the
monovalent n.n.n. Na* ions of the elpasolite structure. Thus, the more

recent data obtained for Cr3+-doped KZNaScF6 and ScF3 supports

the original theory of Wood, et.al.(32)
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From the data in Table 4, it is apparent that the effect of the

3+ 3+

site on the Cr™" spectra is not as important as might be

larger Sc
expected. This might be due to the relaxation of the fluorines of the
impurity site, which leads to the existence of similar Cr3+ sites in

K NaCrF and KZNaScF6:Cr3+ (and in Crfy and ScF3:Cr3+).

A dramatic manifestation of lattice relaxation about the Cr3+ jfon was

3+

observed in Cr~ -doped CdFZ. Can, Ser and Ban. where the environment

is found to change from eight- to sixfold coordination when the alkaline
earth ion 1s replaced by cr3*.(33)

The interpretation espoused above is supported by the data for the
Cr3+-doped oxide garnets shown in Table 5. Cr.3+ is known to substitute
for the octahedrally coordinated Sc3+ fon in the Gd3Scha30]2 (GSGG)

3+

host. We see that the substitution of the Sc3+ fon by Ga~ has a

similar effect on Dq as does replacing Gd3+ with Y3+, or the

tetrahedral Ga>* ion with A13*.(%5) This suggests that the effect

due to the size of the substitutional site into which Cr3+ is
fncorporated is comparable to the indirect influence of the other cations
on the oxygens that coordinate Cr3*. This 1s reasonable since the
wavefunction of the oxygen ion is expected to be very sensitive to the

local environment in which it is situated.(34)

4. Conclusions

The conclusions concerning the spectral properties of Cr3+ in

ScF3 and Sc203 are summarized below:

1. The Dg value 1s slightly larger in Sc203 compared to ScF3.

1

being 1520 versus 1428 cm . This increase is much less than that
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predicted from crystal field theory. The ScF3 and Sc203 hosts
have the lowest crystal fields of all known Sc-compounds. The rather

low Dg values of these materials can in part be attributed to the

3+ 3+

larger ionic radius of Sc™ compared to Cr”", but also to the

next-nearest-neighbor interaction of the Sc3+ fons with the oxygens
or fluorines that are coordinated to the Cr3+ impurity.

From the analysis of the emission lineshape and the position of the

-1

ZPL's, we found that S=3.0 and Tw=380 cm = for ScF3; the

corresponding values for Sc203 are 4.5 an 410 em ).

Some

uncertainty remains concerning the Sc203 data because of the
existence of two inequivalent sites.

The energetic separations of the ZPL from the emission and absorption

V. respectively, for ScF3:Cr3+, while

peaks are 790 and 1240 cm
the values are 1630 and 1770 cm'] for Sc,0;. This shows that
the ground and excited state potential energy surfaces are
substantially different from each other for ScF3:Cr3+.
The oscillator strength of the parity-forbidden 4T2-4A2 (3d3-3d3)
transition is induced by different mechanisms for these crystals.
For the case of Sc203, the static, odd-parity component of the
crystal field provides electric dipole oscillator strength for the
transition. The ScF3:Cr3+ system, on the other hand, acquires
oscillator strength via a dynamical mixing process.

The structure of the spin-orbit components of the 4T2 excited
state for ScF3:Cr3+ has been analyzed to derive a Jahn-Teller

energy of about 280 em ).

On the other hand, the zero-phonon lines
of Sc203:Cr3+ are found to be influenced by the low symmetry of

the crystal field present at the sc3* site.
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6. Emission quenching was not observed up to the temperature of 450K for
ScF3:Cr3+, while nonradiative decay begins to become significant
in Sc203:Cr3+ near 300K. This is qualitatively consistent with

the larger value of the Sfiw product for Sc203.
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Figure Captions

Absorption or excitation and low-resolution emission spectra of

3+ 3+

ScF,:Cr”" and Sc20 :Cr

3 3
both systems are indicative of fairly weak crystal field splitting.

at 295K and 14K. The spectra of

Emission spectra in the vicinity of the origin for ScF3:Cr3+ and

3+ at 12K and 50K. The background observed for

Sc203:Cr
Sc203

ScF3:Cr

:cr3* is not due to Cr3*. The fine-structure of

3+ is due to the Ham reduction of the spin-orbit split

components. The interpretation for Sc,0, is complicated by the
273

presence of a low symmetry crystal field.

Pekarian fits to the emission 1ine shapes of ScF3:Cr3+ and

3+

Sc203:Cr at 14K using the parameters shown. The Sehw

product 1s larger for the oxide compared to the fluoride.

3+

Emission decays for Sc203:Cr at room temperature resulting from

exciting at 19,460 cm']. A single exponential decay of 91 us is

], while two decays with lifetimes of 86 us

1

observed at 11,760 cm™

and 373 us are resolved at 9,090 cm ', indicating the presence of

a second site.

3+ and Sc203:Cr3+ as a

Emission 1ifetime measurements for ScF3:Cr
function of temperature. The slow decrease in the 1ifetime for ScF3
is due to the dynamical increase of the oscillator strength for the

4T2-~4A2 transition, while the change for Sc203:Cr3+ above 300K s due

to nonradiative decay.
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Table 1
4. 4

Properties of the Tz- A2 transition of Cr

(energies are given in em 1y

3+

Full-Hidth at

Crystal Dg (14K) Half-Maximum (14K) Symmetric Mode
(emission width
vs. temp.)
Absorption Emission
ScF3 1428 2130+£200 1570 20520
Sco03 1520 2070 2340 340150
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Table 2.

Zero-phonon lines of ScF3:Cr3+ at 12K

Energy (cm~1) Intensity
Representation Measured Calculated Measured Calculated
E*! 0 (0 1.00 (1.00)
u' 14 17 0.31 0.37
u' 36 33 0.04 0.03
E' - 47 0.00 0.00
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Table 3

Determination of symmetric mode frequency of Cr3+
from the emission spectra

(energies are given in cm-1)

Method I, Method II,
Crystal T-dependence Line shape analysis
ScF3 205+20 380 (S=3.0)

Scp03 340250 410 (S=4.5)
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Table 4

Comparison of Sg-conta1n1ng crystals with
pure Cr2* compounds (300K)

metal-anion

Crystal Dq (cm~1) distance (R)
KoNaCrFg 1610¢3) 1.93(b)
KoNaScFg:Cr3+ 1560(¢) 1.99(b)
Crf3 1460€3) 1.90(d)
ScF3:Cr3+ 1410 2.01(e)
(a) Ref. 32

(b) Ref. 30

(c) Ref. 28

(d) Ref. 31

(e) Ref. 13
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Table 5

Comparison of Cr3+-doped garnets (300K)

Crystal Dq (cm-1) Change relative to GSGG

Gd..Sc. Ga.0 1563¢3) c oo
3°€26a304,

(GSGG)

Y.Sc.Ga.0 1613(® Gd~Y, +50 cm™)
39¢,6330¢5 '

(YSGG)

Gd,Ga,Ga,0 1597¢3) Sc~Ga, +34 cm!
3G3,Ga30;, '

(GGG)

() - 3

Gd,5¢,A1 0, 1587 Ga~Al, +24 cm

(GSAG)

(a) Ref. 5

(b) Ref. 4
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